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The Oi l Drop Experiment: H o w D i d Mil l ikan 
Decide What Was an Appropriate Drop? 
The oil drop experiment is considered an important contribution to the understanding of 
modern physics and chemistry. The objective of this investigation is to study and contrast the 
views and understanding with respect to the experiment of physicists or philosophers of 
science with those of authors of physics or chemistry textbooks and laboratory manuals. 
Results obtained show tltat physicists and philosophers of science do understand that the 
experiment is difficult to perform even today, primarily because of the difficulty associated 
with the selection of the appropriate drops and that consensus was achieved in the scientific 
community after a bitter dispute between R.A. Millikan and F. Ehrenhaft. In contrast, 
authors of physics and chemistry textbooks and laboratory manuals ignore the controversy 
(especially with respect to the selection of the drops) and present an inductivist interpretation 
in which empirical data were crucial in the quantization of the charge of the electron. By 
highlighting the difference between the methodologies of Millikan and Ehrenhaft, textbooks 
can facilitate students' conceptual understanding of the experiment and thus stimulate 
interest. It is concluded that although experimental data are important, epistemologically 
their interpretation through conflicts and controversies is even more important. 
L'on considère que l'expérience de la gouttelette d'huile apporte beaucoup à la physique et la 
chimie modernes. L'objectif de cette recherche est de comparer les avis et les connaissances des 
physiciens ou des philosophes des sciences quant à cette expérience à ceux des auteurs de 
manuels et de cahiers de laboratoire de physique ou de chimie. Les résultats indiquent que les 
physiciens et les philosophes des sciences comprennent que, même aujourd'hui, l'expérience 
est difficile à réaliser, principalement à cause de la difficulté de choisir les gouttelettes 
appropriées, question sur laquelle la communauté scientifique n'est arrivée au consensus 
qu'après une amère dispute entre R.A. Millikan et F. Ehrenhaft. Par contre, les auteurs de 
manuels et de cahiers de laboratoire de physique ou de chimie font abstraction de la contro-
verse (surtout en ce qui concerne la sélection des gouttelettes) et présentent une interpréta-
tion inductive selon laquelle des données empiriques étaient d'importance cruciale dans la 
quantification de la charge de l'électron. En faisant ressortir les différences entre les méthodo-
logies de Millikan et Ehrenhaft, les manuels peuvent aider les élèves à conceptualiser 
l'expérience, stimulant ainsi l'intérêt que ceux-ci portent au domaine. Bien que les données 
expérimentales soient importantes, on conclut que, sur le plan épistémologique, l'interpréta-
tion de celles-ci par le biais des conflits et des controverses est encore plus importante. 
Introduction 
M o s t science educators w o u l d agree that the o i l d r o p e x p e r i m e n t 1 w a s a n 
i m p o r t a n t c o n t r i b u t i o n to o u r u n d e r s t a n d i n g of m o d e r n p h y s i c s a n d 
c h e m i s t r y . A u t h o r s of textbooks (in b o t h p h y s i c s a n d chemis t ry) even c o n s i d e r 
it as a classic e x p e r i m e n t charac ter ized b y its s i m p l i c i t y a n d precise results. The 
objective of this i n v e s t i g a t i o n is to s t u d y a n d contrast the v i e w s a n d u n d e r -
s t a n d i n g w i t h respect to the e x p e r i m e n t of phys ic i s t s a n d p h i l o s o p h e r s of 
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science w i t h those of authors of p h y s i c s a n d c h e m i s t r y textbooks a n d laborato-
ry m a n u a l s . A r e v i e w of the re levant l i terature ( H o l t o n , 1978) s h o w s that the 
acceptance of the q u a n t i z a t i o n of the e lementary electr ical charge w a s 
p r e c e d e d b y a bi t ter d i s p u t e b e t w e e n R . A . M i l l i k a n a n d F. Ehrenhaf t that lasted 
for m a n y years (1910-1925). B o t h M i l l i k a n a n d Ehrenhaf t obta ined s i m i l a r 
e x p e r i m e n t a l results , a n d yet M i l l i k a n w a s l e d to formula te the e lementary 
e lec tr ica l charge (electron) a n d Ehrenhaf t to f rac t ional charges (sub-electrons). 
H o l t o n (1978) has presented a de ta i l ed reconstruct ion of the research 
m e t h o d o l o g i e s of M i l l i k a n a n d Ehrenhaf t . M i l l i k a n w a s g u i d e d b y the p r e s u p -
p o s i t i o n s ( H o l t o n ) or h a r d core (Lakatos , 1970) of his theoretical f r a m e w o r k . 
P r e s u p p o s i t i o n s const i tute the theoret ical rat ionale (heurist ic pr inc ip les ) of a 
research p r o g r a m that a scientist does not a b a n d o n i n the face of a n o m a l o u s 
data . E h r e n h a f t , o n the other h a n d , is s a i d to h a v e f o l l o w e d the t r a d i t i o n a l 
sc ient i f ic m e t h o d (as presented i n m o s t textbooks) b y a l l o w i n g his theory to be 
d ic ta ted b y e x p e r i m e n t a l data . H o l t o n ' s e x a m i n a t i o n of M i l l i k a n ' s h a n d w r i t t e n 
n o t e b o o k s revea led that i n the p r e p a r a t i o n of the c r u c i a l article ( M i l l i k a n , 1913) 
d a t a f r o m a b o u t 5 9 % of the o i l d r o p s w e r e d i s c a r d e d as they d i d not p r o v i d e 
e m p i r i c a l s u p p o r t for M i l l i k a n ' s h y p o t h e s i s of the e lementary e lectr ical charge. 
The Oil Drop Experiment as Viewed by Physicists and Philosophers of Science 
It is i m p o r t a n t to observe that after a lmost 90 years phys ic i s ts are s t i l l t r y i n g to 
a n a l y z e a n d u n d e r s t a n d the d i l e m m a faced b y M i l l i k a n w i t h respect to the 
se lec t ion of the a p p r o p r i a t e o i l d r o p s . A c c o r d i n g to G o o d s t e i n (2001), 
If a drop was too small, it was excessively affected by Brownian motion, or at 
least by inaccuracy in Stokes's law for the viscous force of air. If it was too large, 
it w o u l d fall too rapidly for accurate measurement. He [Millikan] also preferred 
to have a drop capture an ion a number of times in the course of observation, so 
that he could investigate changes as wel l as total charge, which had to be an 
integer multiple of the fundamental unit, e. (p. 57) 
B o t h E h r e n h a f t a n d M i l l i k a n f o u n d fract ional charges that w e r e 1/3(?, 2/3c, 
l/10e, a n d so o n . M i l l i k a n a t t r ibuted the f rac t ional charges to e x p e r i m e n t a l 
errors , w h e r e a s E h r e n h a f t u s e d these results to ques t ion the existence of the 
e l e m e n t a r y e lectr ica l charge. T h i s raises a ques t ion as to the p o s s i b i l i t y that 
E h r e n h a f t a n d M i l l i k a n m i g h t h a v e been o b s e r v i n g q u a r k s . E x p e r i m e n t a l c o n -
d i t i o n s i n their l a b o r a t o r y i n that p e r i o d (1910-1925), h o w e v e r , w e r e s u c h that 
they c o u l d not h a v e o b s e r v e d q u a r k s (compare D i r a c , 1977; F a i r b a n k & 
F r a n k l i n , 1982). Never the less , the search for the i so la t ion of e lementary par -
ticles w i t h f r a c t i o n a l charge (quarks) has c o n t i n u e d ( H e l l e m a n s , 1999). Q u a r k s 
w e r e f i rs t p r o p o s e d b y G e l l - M a n n a n d Z w e i g i n 1963 (the qua in t n a m e w a s 
taken f r o m a James Joyce nove l ) . H a d r o n s are c o n s i d e r e d to be f u n d a m e n t a l 
part ic les c o m p o s e d of q u a r k s . A l t h o u g h q u a r k s h a v e not been iso lated or 
d i r e c t l y o b s e r v e d , severa l p r e d i c t i o n s of the q u a r k m o d e l have been c o n f i r m e d , 
a n d their proper t ies e x p l a i n h a d r o n characterist ics . O r i g i n a l l y three q u a r k 
types (f lavors) w e r e p r o p o s e d : u p (w), d o w n (d), a n d strange (s). F o r e x a m p l e , 
the p r o t o n is c o m p o s e d of three q u a r k s : uud, so that its total charge is + (2/3) q 
+ (2/3) ¢/-(1 /3) q = q,d& expected. W i t h the sp ins a l i g n e d the pro ton ' s in t r ins ic 
s p i n is + (1/2) + (1/2) - (1/2) = (1/2), also as expected, a n d the s p i n s of the u p 
q u a r k s are a l i g n e d so that they w o u l d be i n the same state. 
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P e r l a n d Lee (1997) at the S t a n f o r d L i n e a r A c c e l e r a t o r C e n t e r h a v e been 
p a r t i c u l a r l y act ive i n the search for f rac t ional charges (quarks) a n d h a v e ex-
pressed their c o n c e r n for the select ion of the a p p r o p r i a t e d r o p s : 
If the drop does not contain a particle with fractional charge, then Q [charge on 
the drop] w i l l have, within measurement error, one of the values ... 0, ±lq, ±2q, 
.... [q, being the elementary electrical charge]; depending on whether the drop 
contains an equal number of protons and electrons, or there is an excess of 
protons or electrons. If, to our great pleasure, the drop contained say a free quark 
of charge \/3q, then Q w o u l d have one of the values +l/3q, +4/3(/, +7/3q,or 
-2/3(/, -5/3(/,... depending on the proton-electron balance in the drop... This was 
Mi l l ikan ' s method and this is our method eighty years later. M i l l i k a n studied a 
few hundred drops, we have studied almost 10 7 drops, (p. 700) 
It is i m p o r t a n t to note that M i l l i k a n e x c l u d e d d r o p s not o n l y for e x p e r i m e n -
tal o r c a l c u l a t i o n a l d i f f i c u l t i e s , b u t also those that d i d not g ive the expected 
v a l u e of the e l e m e n t a r y e lectr ical charge, based o n his p r e s u p p o s i t i o n s / t h e o -
ret ical f r a m e w o r k . M i l l i k a n ' s p r o c e d u r e seems to have consisted of m a k i n g a 
r o u g h c a l c u l a t i o n for the v a l u e of e as s o o n as the data for the t imes of descent 
or ascent of the o i l d r o p s started c o m i n g i n . H o l t o n (1978) r e p r o d u c e d the data 
i n M i l l i k a n ' s h a n d w r i t i n g f r o m one of the 140 exper iments that are i n c l u d e d i n 
the n o t e b o o k s ( A r c h i v e s , C a l i f o r n i a Institute of T e c h n o l o g y , Pasadena) . A p -
p a r e n t l y this w a s a n e x p e r i m e n t that d i d not g ive the v a l u e of e that M i l l i k a n 
w a s e x p e c t i n g , a n d he n o t e d f r a n k l y , "Error high w i l l no t use . . . can w o r k this 
u p & p r o b a b l y is o k b u t p o i n t is [?] not i m p o r t a n t " ( H o l t o n , p . 207). In a 
réévaluat ion of M i l l i k a n ' s notebooks , F r a n k l i n (1997) goes b e y o n d this b y 
s u g g e s t i n g that M i l l i k a n m a y h a v e e x c l u d e d data i n o r d e r to g a i n the u p p e r 
h a n d i n the c o n t r o v e r s y w i t h Ehrenhaf t : 
Despite his claim to the contrary, M i l l i k a n did not publish ail of his oil-drop 
results. M a n y drops he excluded because he was not sure that the apparatus was 
working properly ... and a few seem to have been excluded solely because they 
increased the experimental uncertainty. One drop, which gave a value of e that 
was 40% low, was also excluded. For that one, M i l l i k a n wrote "won't w o r k " in 
his notebook. I speculate that this exclusion was simply to avoid giving Felix 
Ehrenhaft ammunit ion in the charge-quantization controversy. Later analysis 
has shown that the data for this drop were indeed unreliable, (p. 26) 
Interes t ingly , M i l l i k a n not o n l y e x c l u d e d some of the d r o p s , but also e x c l u d e d 
s o m e of the m e a s u r e m e n t s ( t ime of fal l/ascent of the o i l d r o p ) o n the same 
d r o p . 
T h i s sect ion s h o w s that phys ic i s t s a n d p h i l o s o p h e r s have been h i l l y a w a r e 
of the d i f f i c u l t i e s faced b y M i l l i k a n , h is controversy w i t h Ehrenhaf t , a n d his 
p u b l i s h i n g of a selected g r o u p of d r o p s (despite c la ims to the contrary) that 
p r o v i d e d s u p p o r t for the p o s t u l a t i o n of the e lementary electrical charge e. 
The Oil Drop Experiment as Viewed by Laboratory Instructors 
Based o n results o b t a i n e d f r o m a s tudent s u r v e y , K r u g l a k (1972) c o n s i d e r e d the 
o i l d r o p e x p e r i m e n t to be the m o s t f rus t ra t ing i n the u n d e r g r a d u a t e laboratory . 
N e v e r t h e l e s s , K r u g l a k at the same t ime r e c o g n i z e d its pos i t ive aspect: " f e w 
e x p e r i m e n t s e p i t o m i z e better for s tudents the e x p e r i m e n t a l m e t h o d a n d d e v e l -
o p a n e m p a t h y for the chal lenges a n d v ic i s s i tudes of the p h y s i c i s t " (p. 768). A 
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major c o n c e r n of l abora tory instructors has been the select ion of a p p r o p r i a t e 
d r o p s . H e a l d (1974) m e n t i o n e d that a major d i f f i c u l t y w i t h the e x p e r i m e n t w a s 
the p o s s i b i l i t y of bias i n the select ion of " s u i t a b l e " d r o p s , a n d the p h i l o s o p h i c a l 
p r o b l e m s of d e a l i n g w i t h data that v io la te one's preconcept ions . K a p u s t a 
(1975) re ferred to a d i l e m m a faced b y M i l l i k a n h imsel f : 
The important variables that are measured are the rise and fall times of the drop 
moving through a known distance. Some of the drops have much higher 
velocities than others. Should one choose to observe the fast drops, the slow 
drops, or those of intermediate velocities? (p. 799) 
It is reasonable to suggest that laboratory instructors , based o n their e m p i r i c a l 
exper ience , u n d e r s t a n d M i l l i k a n ' s m e t h o d of e x c l u d i n g d r o p s that were m o r e 
p r o n e to e x p e r i m e n t a l errors a n d hence the select ion of the d r o p s . 
M o r e recent ly Jones (1995) has p r o v i d e d the f o l l o w i n g g u i d e l i n e s for d r o p 
se lect ion. 
Once a drop has been timed, the results of the calculation are printed to the 
screen and to a line printer. Immediate charge calculation aids in drop selection 
... Rather than averaging the times and then computing the charge, the charge is 
computed from each pair of timings and the resultant charges are averaged. 
Timings which are immediately known to be mistakes can be marked on the 
record and removed from the average by simple key pressing, (p. 970) 
Interes t ingly , M i l l i k a n (1910) u s e d average va lues of t imes of ascent a n d de-
scent m e a s u r e d o n di f ferent d r o p s . Ehrenhaf t (1910) c r i t i q u e d M i l l i k a n ' s m e t h -
o d o l o g y b y c a l c u l a t i n g the charge o n each d r o p f r o m each p a i r of M i l l i k a n ' s 
observat ions a n d s h o w e d h o w M i l l i k a n ' s m e t h o d of c a l c u l a t i o n l e d to c o n -
t r a d i c t o r y results . In the l i g h t of this c r i t i c i s m , M i l l i k a n (1913) m a d e a p p r o p r i -
ate changes to his m e t h o d o l o g y a n d the select ion of the d r o p s . 
A r e v i e w of the re levant l i terature indicates that a l t h o u g h laboratory i n -
structors d o not m e n t i o n the M i l l i k a n - E h r e n h a f t controversy , they are general -
l y a w a r e of the d i f f i c u l t i e s associated w i t h the e x p e r i m e n t a n d espec ia l ly w i t h 
respect to the se lec t ion of the a p p r o p r i a t e d r o p s . 
The Oil Drop Experiment as Viewed by Physics Textbooks and Laboratory Manuals 
In a recent s t u d y , R o d r i g u e z a n d N i a z (2001) a n a l y z e d the presentat ion of the 
o i l d r o p e x p e r i m e n t (based o n a series of criteria) i n general p h y s i c s textbooks 
a n d l a b o r a t o r y m a n u a l s (al l p u b l i s h e d i n the U n i t e d States). O f the 40 textbooks 
a n a l y z e d , n o n e m e n t i o n e d the M i l l i k a n - E h r e n h a f t controversy , a n d o n l y one, 
O l e n i c k , A p o s t o l , a n d G o o d s t e i n (1986) m e n t i o n e d the p r o b l e m a t i c nature of 
M i l l i k a n ' s e x p e r i m e n t . T e x t b o o k s not o n l y ignore the controversy , b u t g ive the 
i m p r e s s i o n that M i l l i k a n p e r f o r m e d a s i m p l e , b e a u t i f u l , re l iable , a n d v a l i d 
e x p e r i m e n t ( M a r i o n , 1981). A c c o r d i n g to one textbook, " I n d e e d , M i l l i k a n ' s 
e x p e r i m e n t w a s ex t remely accurate" ( G r e e n w o o d , 1983, p . 158). S o m e text-
b o o k s e x p l i c i t l y d e n i e d that the d r o p s s t u d i e d b y M i l l i k a n h a d f rac t ional char-
ges (F ishbane, G a s i o r o w i c z , & T h o r n t o n , 1994; Rohl f , 1994; Sears & Z e m a n s k y , 
1977; Sears, Z e m a n s k y , & Y o u n g , 1988). Some textbooks c o n s i d e r e d M i l l i k a n ' s 
e x p e r i m e n t to be c o n c l u s i v e e v i d e n c e of the q u a n t i z a t i o n of the electrical 
charge, w h i c h seems to be corrobora ted b y h a v i n g been a w a r d e d the N o b e l 
p r i z e i n 1923 ( H a l l i d a y , R e s n i c k , & K r a n e , 1994; Jones & C h i l d e r s , 1990; Sears et 
a l . , 1988; S e r w a y , 1997). These results s h o w the degree to w h i c h textbooks can 
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at t imes not o n l y d is tor t h i s t o r i c a l facts, b u t also ignore the real s p i r i t of 
sc ienti f ic d i s c o v e r y . 
G i v e n the c o m p l e x i t y of the o i l d r o p exper iment , it w a s expected that the 
l a b o r a t o r y m a n u a l s w o u l d p e r h a p s refer to the d i f f i cu l t ies associated w i t h the 
se lect ion of the a p p r o p r i a t e d r o p s . It is i m p o r t a n t to note that the c o m p l e x i t y of 
the e x p e r i m e n t d i d contr ibute to the cont roversy . H o w e v e r , l abora tory 
m a n u a l s c o u l d i g n o r e the c o n t r o v e r s y a n d st i l l refer to the c o m p l e x i t y of the 
e x p e r i m e n t . O f the 11 l a b o r a t o r y m a n u a l s a n a l y z e d , none m e n t i o n e d the M i l -
l i k a n - E h r e n h a f t c o n t r o v e r s y . T h i s is s u r p r i s i n g g i v e n that that the c o n t r o v e r s y 
w a s b a s e d p r i m a r i l y o n labora tory techniques used b y M i l l i k a n a n d Ehrenhaf t . 
T h e nearest a n y m a n u a l came to r e c o g n i z i n g the d i f f i cu l t ies associated w i t h the 
e x p e r i m e n t a n d hence the c o n t r o v e r s y w a s the f o l l o w i n g : " T h e p r i n c i p l e of the 
o i l d r o p e x p e r i m e n t w a s qui te s i m p l e . . . but it w a s n o easy task to use i t to 
o b t a i n h i g h p r e c i s i o n results , as those students w h o h a v e t r i ed to use it i n 
u n d e r g r a d u a t e e x p e r i m e n t s w i l l c o n f i r m " (Petley, 1985, p . 104). Three m a n u a l s 
m a d e a s i m p l e m e n t i o n of the e x p e r i m e n t a l var iables that m a d e the e x p e r i m e n t 
d i f f i c u l t , e spec ia l ly w i t h respect to the select ion of a p p r o p r i a t e d r o p s , of w h i c h 
the f o l l o w i n g is a n e x a m p l e . 
Determine the number of electrons on the drop or the number gained or lost by 
rough inspection of the data. This w i l l be easy if the drop carried relatively few 
electrons. Hence, it is advisable to select a drop which moves upward in the 
electrical field at a slow rate. (Meiners, Eppenstein, & Moore, 1969, p. 381) 
O n e m a n u a l s i m p l y stated, " S o m e patience m a y be r e q u i r e d to f i n d a d r o p w i t h 
the s ize a n d charge that g i v e a v e l o c i t y convenient for o b s e r v a t i o n " ( Ingersol l , 
M a r t i n , & R o u s e , 1953, p . 179). It appears that the select ion of the a p p r o p r i a t e 
d r o p is c r u c i a l for s tudents to get v a l i d results, a n d yet n o n e of the m a n u a l s 
p r o v i d e s a ra t iona le to faci l i tate u n d e r s t a n d i n g . 
R e v i e w of the re levant l i terature indicates that genera l p h y s i c s textbooks 
a n d u n d e r g r a d u a t e l a b o r a t o r y m a n u a l s not o n l y present a n i m a g e of science 
d e v o i d of c o n t r o v e r s y a n d conf l ic t , b u t also ignore the c o m p l e x i t y of the 
e x p e r i m e n t . It is reasonable to suggest that b y i n c l u d i n g M i l l i k a n ' s m e t h o d o l o -
g y w i t h a n e x p l i c i t reference to the c o n t r o v e r s y w i t h Ehrenhaf t , textbooks 
c o u l d h e l p to s t i m u l a t e a n e n v i r o n m e n t that "actuates d i s c o v e r y , in f lames 
c o n t r o v e r s y , a n d susta ins the s tudents ' efforts to u n d e r s t a n d w h a t he is b e i n g 
t a u g h t " ( P o l a n y i , 1964, p . 257). 
The Oil Drop Experiment as Viewed by Chemistry Textbooks 
N i a z (2000) has a n a l y z e d the presenta t ion of the o i l d r o p e x p e r i m e n t (based o n 
a series of cri teria) i n genera l c h e m i s t r y textbooks. O f the 31 textbooks (all 
p u b l i s h e d i n the U S ) a n a l y z e d n o n e m e n t i o n e d the M i l l i k a n - E h r e n h a f t c o n -
t roversy or the p r o b l e m a t i c na ture of the exper iment . N o n e of the textbooks 
re ferred to a c r u c i a l aspect of the o i l d r o p exper iment , that is, i n the face of 
a n o m a l o u s data a scientist perseveres w i t h h is g u i d i n g a s s u m p t i o n s , h o l d i n g 
its f a l s i f i ca t ion i n abeyance ( H o l t o n , 1978). It c o u l d be a r g u e d that textbooks are 
not s u p p o s e d to teach scienti f ic research m e t h o d o l o g y . A l t h o u g h it m a y seem 
s u r p r i s i n g , this is w h a t m o s t textbooks d o b y e m p h a s i z i n g the t r a d i t i o n a l 
sc ient i f ic m e t h o d , that is, scientists d o exper iments that h e l p t h e m to test 
hypotheses , l a w s , a n d theories . In the case of the o i l d r o p exper iment , if the 
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t r a d i t i o n a l sc ient i f ic m e t h o d h a d been f o l l o w e d , Ehrenhaf t ' s ( h a v i n g i m p e c -
cable credent ia ls as a n exper imenta l i s t ) results a n d not M i l l i k a n ' s w o u l d have 
been accepted b y the scienti f ic c o m m u n i t y . 
A r e v i e w of the re levant l i terature indicates that general c h e m i s t r y text-
b o o k s i g n o r e the role p l a y e d b y cont roversy , a n d so Ehrenhaf t ' s c o n t r i b u t i o n 
has been c o n v e n i e n t l y forgotten. T h i s leads to the pedagogic i m p l i c a t i o n that 
S i l v e r m a n (1992) has expressed cogent ly : "Science ins t ruc t ion that ignores the 
e lement of c o n t r o v e r s y i n science g ives a n erroneous i m p r e s s i o n of h o w sc ien-
tists a c t u a l l y w o r k — a sterile i m p r e s s i o n not l i k e l y to fire the i m a g i n a t i o n a n d 
foster the c u r i o s i t y of s t u d e n t s " (p. 164). 
Conclusion 
T h e e v i d e n c e presented i n this inves t iga t ion suggests that the o i l d r o p e x p e r i -
m e n t is d i f f i c u l t to p e r f o r m e v e n t o d a y , p r i m a r i l y because it is d i f f i c u l t to select 
the a p p r o p r i a t e d r o p s , a n d this aspect is r e c o g n i z e d b y phys ic i s t s , p h i l o s o -
phers of science, a n d p h y s i c s laboratory instructors . In contrast, authors of 
p h y s i c s textbooks , l abora tory m a n u a l s , a n d chemis t ry textbooks ignore the 
c o m p l e x i t y a n d the c o n t r o v e r s i a l nature of the exper iment . Tex tbooks can 
h i g h l i g h t the di f ference b e t w e e n the m e t h o d o l o g i e s of M i l l i k a n a n d Ehrenhaf t 
to i l lus t ra te h o w progress i n science is character ized b y c o m p e t i t i o n a m o n g 
r i v a l in terpre ta t ions of da ta . H o l t o n (1978) has expressed the controversy w i t h 
respect to the o i l d r o p e x p e r i m e n t i n cogent terms: "It a p p e a r e d that the same 
o b s e r v a t i o n a l r e c o r d c o u l d be used to demonstrate the p l a u s i b i l i t y of t w o 
d i a m e t r i c a l l y o p p o s i t e theories, h e l d w i t h great c o n v i c t i o n b y t w o w e l l - e q u i p -
p e d p r o p o n e n t s a n d their respect ive c o l l a b o r a t o r s " (pp. 199-200). In science 
e d u c a t i o n M a t t h e w s (1994) has p o i n t e d out that e p i s t e m o l o g i c a l l y , it is not the 
e x p e r i m e n t that is i m p o r t a n t , b u t rather the controversy , w h i c h constitutes 
another chapter i n the l o n g s t ruggle be tween theoretical constructs ( M i l l i k a n ' s 
p r e s u p p o s i t i o n s ) a n d e x p e r i m e n t a l ev idence (Ehrenhaft 's data). M o r e recently, 
H o l t o n (2000, P e r s o n a l c o m m u n i c a t i o n , September 25) has been m o r e catego-
r i c a l w i t h respect to the role p l a y e d b y controvers ies i n scientif ic progress a n d 
the i r i m p o r t a n c e for the c l a s s r o o m : 
The introduction of the history and methodology of physics into the physics 
classroom, not least in terms of important controversies—is completely con-
genial to me ... and Mil l ikan 's case is certainly a well documented case that 
w o u l d lend itself to this purpose. 
F i n a l l y , it is suggested that fu ture research i n science e d u c a t i o n test the 
h y p o t h e s i s that the i n c l u s i o n of the controversy a n d the c o m p l e x i t y of the o i l 
d r o p e x p e r i m e n t i n textbooks a n d m a n u a l s c o u l d enhance s tudents ' concep-
t u a l u n d e r s t a n d i n g . 
Editor's Note 
1. Millikan, Robert Andrews 1868-1953. US physicist, awarded a Nobel prize 1923 for his 
determination of the electric charge on an electron 1913. His experiment, which took five 
years to perfect, involved observing oil droplets charged by external radiation, falling under 
gravity between two horizontal metal plates connected to a high-voltage supply. By varying 
the voltage, he was able to make the electrostatic field between the plates balance the 
gravitational field so that some droplets became stationary and floated. If a droplet of weight 
W is held stationary between plates separated by a distance d and carrying a potential 
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difference V, the charge, e, on the drop is equal to Wd/V. (Hutchinson Encyclopedia, 1995, p. 
695). 
Acknowledgments 
The author wishes to express his sincere thanks to Gerald Holton for having read the original 
manuscript and made valuable suggestions. This research was made possible by a grant from the 
Consejo de Investigaciôn, Universidad de Oriente (Project No. CI-5-1004-1002/2(X)2). 
References 
Dirac, P.A.M. (1977). Ehrenhaft, the subelectron and the quark. In C. Weiner (Ed.), History of 
twentieth century physics (pp. 290-293). New York: Academic Press. 
Ehrenhaft, F. (1910). Uber die Messung von elektrizitatsmengen, die Ladung des einwertigen 
Wasserstoffions oder Electrons zu unterschreiten scheinen. Zweite vorlaufige mitteilung 
seiner Méthode zur hestimmung des elektrischen Elementarquantums. Anzeiger Akad. Wiss. 
(Vienna), 73,215. 
Fairbank, W., & Franklin, A. (1982). Did Millikan observe fractional charges on oil drops? 
American Journal of Physics, 50,394-397. 
Fishbane, P.M., Gasiorowicz, S., & Thornton, ST. (1994). Physics for scientists and engineers (vol. II, 
Spanish ed.). Englewood Cliffs, NJ: Prentice-Hall. 
Franklin, A. (1997). Are there really electrons? Experiment and reality. Physics Today, 50,26-33. 
Goodstein, D. (2001). In defense of Robert Andrews Millikan. American Scientist, 89, 54-60. (The 
following internet link provides a photograph of the apparatus, a brief description of the oil 
drop experiment and other details: 
http://www.americanscientist.org/articles/01articles/Goodsteincapl.html) 
Greenwood, M.S. (1983). Physics. The experiment of discovery. Belmont, C A : Wadsworth. 
Halliday, D., Resnick, R., & Krane, K.S. (1994). Physics (vol. 2,4th ed., Spanish). New York: Wiley. 
Heald, M.A. (1974). Millikan oil-drop experiment in the introductory laboratory. American Journal 
of Physics, 42,244-246. 
Hellemans, A. (1999). Picking up bits of the electron's charge. Science, 284,1251. 
Holton, G. (1978). Subelectrons, presuppositions, and the Millikan-Ehrenhaft dispute. Historical 
Studies in the Physical Sciences, 9,161-224. 
Hutchinson encyclopedia. (1995). Oxford, UK: Helicon. 
Ingersoll, L.R., Martin, M.J., & Rouse, T.A. (1953). A laboratory manual of experiments in physics. 
New York: McGraw-Hill. 
)ones, E.R., &Childers, R.L. (1990). Contemporary college physics. Reading, M A : Addison-Wesley. 
Jones, R.C. (1995). The Millikan oil-drop experiment: Making it worthwhile. American Journal of 
Physics, 63,970-977. 
Kapusta, J.I. (1975). Best measuring time for a Millikan oil drop experiment. American Journal of 
Physics, 43, 799-800. 
Kruglak, H . (1972). Another look at the Pasco-Millikan oil-drop experiment. American Journal of 
Physics, 40,768-769. 
Lakatos, I. (1970). Falsification and the methodology of scientific research programmes. In I. 
Lakatos & A. Musgrave (Eds.), Criticism and the growth of knowledge (pp. 91-195). Cambridge, 
UK: Cambridge University Press. 
Marion, J.B. (1981). Physics in the modern world (2nd ed.). New York: Academic Press. 
Matthews, M.R. (1994). Science teaching: The role of history and philosophy of science. New York: 
Routledge. 
Meiners, H.F., Eppenstein, W., & Moore, K.H. (1969). Laboratory physics. New York: Wiley. 
Millikan, R.A. (1910). A new modification of the cloud method of determining the elementary 
electrical charge and the most probable value of that charge. Philosophical Magazine, 19, 
209-228. 
Millikan, R.A. (1913). On the elementary electrical charge and the Avogadro constant. Physical 
Review, 2,109-143. 
Niaz, M . (2000). The oil drop experiment: A rational reconstruction of the Millikan-Ehrenhaft 
controversy and its implications for chemistry textbooks. Journal of Research in Science 
Teaching, 37,480-508. 
Olenick, R.P., Apostol, T .M. , & Goodstein, D.L. (1986). Beyond the mechanical universe. From 
electricity to modern physics. New York: Cambridge University Press. 
Perl, M.L. , & Lee, E.R. (1997). The search for elementary particles with fractional electric charge 
and the philosophy of speculative experiments. American Journal of Physics, 65,698-706. 
374 
The Oil Drop Experiment 
Petley, B.W. (1985). The fundamental physical constants and the frontier of measurement. Boston, M A : 
Adam Hilger. 
Polanyi, M . (1964). Personal knowledge: Toxoards a post-critical philosophy. New York: Harper & Row. 
Rodriguez, M.A. , & Niaz, M . (2001, March). The oil drop experiment: An illustration of scientific 
research methodology and its implications for physics textbooks. Paper presented at the 74th annual 
conference of the National Association for Research in Science Teaching (NARST), St. Louis. 
Rohlf, J.W. (1994). Modern physics from alpha to z". New York: Wiley. 
Sears, F.W., & Zemansky, M.W. (1977). University physics (2nd ed., Spanish). Reading, M A : 
Addison-Wesley. 
Sears, F.W., Zemansky, M.W., & Young, H.D. (1988). University physics (6th ed., Spanish). 
Reading, M A : Addison-Wesley. 
Serway, R.A. (1997). Physics for scientists and engineers with modern physics (4th ed., Spanish). New 
York: McGraw-Hill. 
Silverman, M.P. (1992). Raising questions: Philosophical significance of controversy in science. 
Science and Education, 1,163-179. 
375 
